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Under the sponsorship of the Information Processing Techniques 
Office of the Defense Advanced Research Projects Agency (DARPA), 
Rand  has  been   studying of developing  explanation 
mechanisms for expert systems. This research has focused on an 
explanation facility for ROSIF,1 a knowledge engineering language 
develop»! by Rand and supported by DARPA funding. 

This report describes the design and implementation of XPL 
(eXPlanation facility), a facility designed to work with ROSEE and 
integrated into the ROSIE 2.4 programming environment. XPL is 
implemented in Interlisp and operates on Xerox 1100 series work- 
stations. The techniques used in this explanation facility are an exten- 
sion of the direct paraphrasing methods used by many rule-baaed 
expert systems, i.e., they explain how a conclusion is reached by 
displaying the computational history on which it is based. 

The audience for this report includes knowledge engineers, artificial 
intelligence researchers and others involved in the design and develop- 
ment of expert r>Btems, and those desiring an intuitive understanding 
of XPL mechanisms. J ..'. 

This research has been conducted as part of the Information Pro- 
cessing Systems program of Rand's National Defense Research Insti- 
tute, a Federally Funded Research and Development Center sponsored 
by the Office of the Secretary of Defense. Additional support for this 
study was provided by The Rand Corporation from its own funds.     . 

'ROSSE is a trademark and service mark of The Rand Corporation. 
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SUMMARY 

?*'-' 
;& 

Thk report describes the design and implementation of an explana- 
tion facility for the ROSIE knowledge engineering language, an expert 
systembuilding environment developed at The Rand Corporation. 
This explanation facility, called XPL (sXPLssstisn facility), has been 
implemented and integrated into the ROSIE 2.4 programming environ- 
ment, creating an enhanced version of ROSIE that facilitates the 
development of an explanation capability daring expert system build- 

An explanation facility is critical in the construction and utilisation 
of an expert system, since it provides the mechanisms by which the 
expert system can explain it« performance. These mechanisms typi- 
cally show the user how the expert system reached a given conclusion 
and why the system believes the conclusion is justified 
, With XPL, the system builder Can design expert systems capable of 
explaining their reasoning processes both during and after a computa- 
tion. This'explanation is based on a modified inference chain display. 
The approach consists of marking those rules and rulesets which may 
be of interest to the user and then generating explanations based on 
only those rules. This technique helps control the size and complexity 
of inference information stored as. a historyof.the.eosputsiios. .*     : 

As the rules and rulesets are marked, they may also be assigned 
•pacific text patterns or executable procedures. During the explanation 
process, these patterns and procedures are combined with the current 
context to enhance the clarity of explanations, and they are used in 

; conjunction with the inference chain display to explain how the system 
reached particular conclusions. 

XPL provide« the user with answers to the following kinds of ques- 
tions: 

■■AV:,' 

2; 

4: 
6. 

Why was this conclusion reached?   .'-• 1-*^^*^^%^; 
Why did the system ask for this particular information? 
Where did this rule and these data come from, Le, how did 
they get added to the knowledge base?.: '■":       . :";??:'^j ^:"-.,;,-if ;.'..;t; 
What is the purpose of this rule or rukwet?   ,: Kv'^\^iP^ 
How can you justify the use of this rule? ;* % /,- 

XPL answers the first three questions by describing the inference 
chain leading to a conclusion, that is, the reasoning steps used. It also 
describes the rulesets and rules comprising that chain, and the 

&WU 

.".':■■ '-m ■ 

\- 

:^,.11   „ .....   ..„ „     .      ^      ..,.--.. -• .    •■ 

mm 
.*   ."-1 -0M 

■ m-'- 

Segt; 

wm 
.. '■:■::   : ■       ■- ■.■■■,■■ ■ ■.-   v ,"w_ 

■^'■: A; 
'-&":. 

St ;Ci>ä 



S,fc'\' 
sX: . >  : 

;:-/T-^^:'; 

:_> --.■■:.::  : ...'%. '■■-. ._.a:-".;"-.'--.-:'.-.'--": V 

el' '■'/■ 
•5r'- ■' 

ä 
'»;'=* 

i.5*f,,ter:. 

:-r~iS ^W1?,': <?''•'" '' ■"" '    -   . ;S«? 

!':■:■■.    .-.-,.■  .!..■.-■ -.■ >■:.'■■ - ... 
■■•' : ,-■;■>: '.■■.-.■      ■ ■'    ■'■'-■■■    ■■■>■..■■.. 

■■■    .-;.■, :■ ■■■■     ,..    ■■ ■'-■:■    ,L-/Vi 

:,-0: 

«M EXPLANATION PACnjTTY FOR THK 80SIE LANGUAG8 

individual premises comprising the rules. XPL answers the last two 
questions by using patterns (text annotations containing variables) and 
procedures (executable rulesets) that are associated with the rules and 
subsets. For problem domains that have a well-understood deep model 
of the mechanisms underlying the surface rules, the procedures can be 
Quad to generate sophisticated explanations or justifications describing 
why a particular rule is valid and why its use is appropriate in the 

1 cwr*r4 context. For problem domains that have poorly formalized or 
no deep models, trie text patterns associated with the rules can be used 
to produce the needed explanations. - 

The user may select the level of detail to be provided by exercising 
different options when requesting an explanation. For example, the 
user may request a general explanation in terms of rulesets and their 
objectives, a more specific explanation in terms of rules and their 
premises in the current context, or specific examples based on patterns 
or procedures that make use of current context. 

XPL also provides special mechanisms, such as window-creating 
"im*™**** and a menu package, that help the expert system builder 
tailor the explanation facility to his or her needs. With the window-: 
creating commands, which can be written directly in ROSE, the sys- 
tembuilder can easily define, shape, and feed explanation windows. 
With the menu package, the system builder can easily create 
input/output (I/O) routines to operate within the windowing scheme. 

XPL could be improved by the inclusion of graphics, ,Amonitoring, 
and editing features. The facility needs a sophisticated graphics capa- 
bility for displaying the current state of the computation in the form of 
an inference tree, with a xoom capability for varying the level of detail: 
in the display. Automatic "explanation monitoring"—a menu of spe- 
cialized windows that continually answer particular questions—would 
help the system builder define window, question, and monitoring capa- 
bilities: And a special refinement mechanism would help users change 
facts or edit rules displayed during an explanation. They could then 
easily back up and rerun the expert system to determine the effects of 
minor changes on system operation. Such a mechanism would be 
extremely useful for refining fledgling knowledge bases and for sensi- 

.      twity analyses of particular applications. -.■..,-.,<<>,..>-<■*;«,„...- .-'. 
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HIHI report describes the design and development of cm explanation 
facility tot ROSIE (Rule-Oriented System for Implementing Expertise), 

knowledge engineering language developed at The Rand Corporation 
(8owizral and Kipps, 1985). This facility, called XPL (explanation 
facility), has been implemented and integrated into the ROSES 2.4 
Programming environment, creating an enhanced version of ROSIE 
that allows an explanation capability to be developed during the build- 
ing of the expert system. With XPL, the system builder can design 
expert systems capable of explaining their reasoning processes both 
during and after a computation. We emphasize that XPL is the result 
of an initial development attempt; it is not a polished explanation 
package, and it could benefit from additional features, as discussed in 
Sec IV. ., r< i - i »   .  *        ',     -'-v'a- 

BACKGROUND 
Rand has had a long and productive history of work in artificial 

intelligence (AI) and expert systems (Klahr and Waterman, 1980), 
including both basic research and the application of that research to 
business and military problems. The current R03EE system is the cul- 
mination of more than a decade of work in the development of 
knowledge engineering languages. 

The RITA (Rand Intelligent Terminal Agent) system (Anderson et 
aL, 1977; Anderson and Gillogy, 1976) was a successful first attempt at 
making programming languages easier to use and; understand. In 
RITA, an English-like syntax was applied to rule-baaed programming, 
resulting in a language that was relatively easy to understand and use; 

; RITA demonstrated that stylized English could be used to express pro- 
cedural knowledge in a rule-based language. With only a modest intro- 
duction to RITA's syntax, even novice users could critique a ruleset 
productively. 

RITA served as a foundation for the early work on ROSIE (Fain et 
aL, 1981,1982). ROSIFs elaborate English-like syntax and integration 
of procedural and rule-based knowledge constituted a significant 
Improvement over RITA. A number of interesting expert si ■stems have 
been built with ROSIE, including TATR (Callero et aL, 1962,1984), a 
system for tactical air targeting, and Adept (Taylor; 1985) a system for 
battle management. 
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AN EXPLANATION fACnjTY FOB THE ROOT LANGUAGE 

THE EXPLANATION PROBLEM 
The acceptability of expert systems In the user community depends 

not only on the quality of the systems' performance but also on how 
easily they can be built and used.   One of the critical factors in the 
construction and utilization of an expert system is the mechanism it 
uses to explain its performance.  This mechanism, called an explana- 
tion facility, shows the user how the expert system reached a given 
conclusion end why it believes the conclusion is justified. Ulis ability 
to use and manipulate self-knowledge is a unique aspect of expert sys- 
tems.  By applying self-knowledge, the expert system can analyze its 
own operation and thus understand how and why it reaches particular 
conclusions.  ' 

■■.,..;7v.One of the first expert systems to use an extensive explanation 
mechanism was MYGEN (Shortliffe, 1976), a medical diagnosis eystem 
that used a history of rule firings as the basis for explanation.  Both   ; 
individual rules and sequences of rules were used to explain how the 
system reached its conclusions. Direct paraphrasing of this type is the 
most widely used approach to explanation in contemporary expert sys- 
tems. More complex explanation methods that are under development 
also use knowledge that is not required by the performance program for 
completion of the task.   This additional knowledge may be meta- 
knowledge that describes high-level strategies used by the system or 
deep knowledge that represents fundamental principles or causal rela- 
tionships among objects in the system (Clancey, 1984).   This type of 
explanation has been tested in medical and other applications that 
have well-understood underlying models (e.g^ electronics and engineer- 
ing).      < :i.::.'.- .■•'■'-' .-••:•.., .'■     .v'--' ■; ■■<?■<■} >■-' :. ■■■£,%'$ 

Although the explanation facilities in most current expert systems 
are somewhat primitive, they have proved to be crucial to system 
operation. They speed system development by assisting in debugging, 

: testing, and refinement of the expert system; and they make the sys- 
tem acceptable to users by inspiring confidence in its performance and 
reasoning processes. Explanation benefits all types of users, from the 
system designer who needs help with debugging to the end user who is 
trying to decide whether or not to take the advice v»f the expert system. 

Developing an explanation facility for ROSIE was more difficult 
than developing one  for  a typical  rule-based language,  such  as 
EMYCIN (van Meile et aL, 1984) or M.1 (D'Ambrosio, 1985), prin- 
cipally because ROSIE is both rule-based and procedure-oriented, 

,,,.,. allowing complex nested procedures that can be written with a variety 
; of sophisticated syntactic constructs. Thus the technique of storing a 

lustoryiof all computations (and later trying to unravel the result) was 
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The type of explanation mechanism,used by most expert systems is 
the inference chain display, in which the expert system displays a chain 
of rules leading to a particular conclusion (Waterman, 1986). This 
approach provides.a very specific em!«"»*'"'"- —=*1- --- 

■■■'•x.: 

■V/: 

*% *"■■£■■ 

. „ _— t~~Wyuuv conclusion (Waterman, 1986).  This 
approach provides.a very specific explanation with considerable detail. 
However, when used in isolation, inference chain displays may prove 
unsatisfactory, because the amount of detail is likely to be overwhelm- 
ing, and the rule itself may not be an adequate justification for its use. 

*•   In XPL, we use a modified inference chain display, which we call 
selectable paraphrasing.   Here, the rules and rulesets that may be of 
interest to the user are marked, and explanations are generated based 
on only those premarked rules.  This technique helps control the size 
and complexity of inference information stored as a history of the com- 
putation.   As the.rules and rulesets are.marked, they may also be 
assigned specific text patterns or executable procedures.   During the 
explanation process, these patterns and procedures are instantiated by 
the current context: and are used in conjunction with the inference 

J chain display to explain how the system reached particular conclusions 
(see Sec. HI). 

The user may select the level of detail XPL provides by exercising 
different options when requesting an explanation. For example, the 

. user may request a general explai ition in terms of rulesets and their 
objectives, a more specific explanation in terms of rules and their 
instantiated premises, or specific examples based on instantiated pat- 
terns or procedures. XPL will provide answers to the following kinds of questions: 

• Why was this conclusion obtained? > *■■•■>■■■ 
•. Why did the system ask for this particular information? 
• Where did tfaü* mi« -«^ **■'—- 
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- AN EXPLANATION FACILITY FOR THE ROSIR LANGUAGE 

• What is the purpose of this rule or ruleset? 
• How can you justify the use ">f this rule? ,':■■■■:.: M,: 

To answer these questions, XPL focuses on describing the inference 
chain leading to a conclusion, the rulesets and rules comprising that 
chain, and the individual premises comprising the rules. It also uses 
patterns (text annotations containing variables) and procedures (exe- 
cutable ruleset-) associated with the rules and rulesets. In problem 
domains that nave a well-understood deep model of the mechanisms 
underlying the surface rules, the procedures associated with rules can 

j be used to generate sophisticated explanations of a particular rule or 
justifications for its use in the current context. The techniques 
'required to generate these justifications are somewhat domain- 
dependent, being based upon the form and structure of the deep models 
involved. Howevev. domain-independent techniques for applying addi- 
tional knowledge ox this type tc the problem of explanation are under 
development (Neches et al, 1985). For problem domains with poorly 
formalized or no deep models, the text patterns associated with the 
rules can be used to produce the needed explanations. 

= XPL provides direct access to explanations, such as the inference 
chain display, as well as indirsct access through special mechanisms 
that help the expert system builder tailor the explanation facility to his 
or her particular needs. For example, XPL's set of wmdowHCreating 
commands permits th? system builder to easily define, shape, and feed 
explanation windows. These commands exist at the ROSIE level and 
may be used to create a definitional window stack, a mechanism for 
defining terms used by XPL and the performance program The sys- 
tem builder creates pop-up windows to display definitions of terms the 
user indicates are confusing. If a definition itself contains questionable 
terms, the user can request that they too be defined, creating a stack of 
windows that can be accessed forward or backward. ; '*<",''- ,H 
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ORGANIZATION OF THE REPORT 

Section II of this report presents a brief introduction to the ROSIE 
knowledge engineering language, describing what it is and how it is 
used. Section III describes the features of XPL in some detail and pro- 

' vides examples of its use. Section TV* presents our conclusions, includ- 
ing our evaluation of XPL and suggestions for; possible extensions to 
the system. -       ..*..   ~.<   «.  : - 
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H. THE ROSIE KNOWLEDGE ENGINEERING 
LANGUAGE 
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ROSIE is a general-purpose knowledge engineering language de- 
signed specifically for developing expert systems. The ROSIE language 
has evolved from a relatively simple initial design (Waterman et aL, 
1979) to,a sophisticated expert system building tool:(Sowizral and 
Kipps, 1985). 

:>-!':, 

OVERVIEW OF ROSIE 

; The distinguishing characteristic of ROSIE is a highly readable 
English-like syntax, designed to facilitate the process of formalizing the 
expertise and integrating it into an executable program. With ROSIE, 
the knowledge engineer can easily translate ideas into executable code, 
using substantially the same terminology that the domain expert uses. 
ROSEE's English-like syntax also improves the interactions among 
those involved in the knowledge acquisition process. A well-written 
ROSIE program is accessible not only to the programmer or knowledge 
engineer, but also to the domain expert, system users, and others as' 
welL -■'.--.   '%'U-C' ■.-., V' •<• ••'-■«   ''■' ■■ 

' ROSIE has been used to support the devalopment of many signifi- 
cant applications (Waterman, 1986). It brings to each application a 
variety of language and programmin ^-environment features, including: 

• Extended variations of the data types and control structures 
found in most symbolic languages. 

• Rulesets to modularize and scope rules, localizing the context in 
which they apply... 

• High-level data types for manipulating units of procedural, 
declarative, and descriptive knowledge as data. 

• A string pattern matcher which supports advanced I/O opera- 
tions. 

• A demon facility to providei event-driven program control. 

Such features fas rulesets, demons, and the string pattern-matcher 
blend with the naturalness of ROSEE's syntax to produce a comfortable 
and expressive environment for the construction of expert ruiea. >;■-. 

ROSIE adapts to a wide variety of tasks without embodying sperial- 

•:'C! ,-m- WimiMM 

purpose problem-solving techniques.   It 
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flaxibl» ihan ma^ ^ Fo* 
example,;'whereas...many rule-baaed reaearchtools for building «rcpsrt 

■«ystems;"permit'•■only'' a' n^ij--'tauiqm^äfprpat^i. to\;.iute..;o?gMri»«tian, 
ROSIEpermit« nüm organised as ruieaets- whkb can be «eceseed ES 
nested, recursive procedures* (Waterman and Hayes-Roth, 1983). Thua, 
the design of ROSIE exploit« and integrates many current idea» in AI 
research and puts substantial modeling capabilrUee into the hand« of 
expert system development team«. "■■^v^^■Vj,*^^■^V^fe^C:^>?;?ff^^:r 

BULBS AND RULESETS "-1. % 

The principal programming structure« in ROSIE are rule* and 
niteseU. Rules correspond to the executable programming statement« 
of 'other languages, while rulesets correspond to subroutine«. However, 
RQSIE rules differ significantly from the rule« in traditional produc- 
tionsystem architecture«, such a* OPS5 (Forgy, 1981, 1982) and 

; EMYCIN (van Meile et al., 1984). While ROSIE rule» may be written 
in the traditional If-Then format, they can also be written using other, 
more powerful and often more appropriate control structure«, as illus- - 
trated below.   '.. ■■■'.■■'■■o^i: 

~\, ■ ..•;■;,;■,   i-'- >-.,■       .-.,•■■ --;•- -■ • ■■ ■-<■-'•■"-■>" *'■.$*■'■'* ."-'"'S ■:,-«'v; ■••.:;'h^rirv^-ir^Ar■ 
; ';   If the ceiling at the airfield is less than 3500 feet or -  ; ^ 

the visibility at that airfield is less than 3 mile«, 
ktthe weather be POOR,   '•'••'".  :. .;<-^:v;';-   ':l:.:,'ylr^ri^^: 

otherwise, '.fi'    ? •' •'.•'" " f'   ' v 

"     let the weather be GOOD. '."■ y-'f'M*^:mk  - jg*    # 

Display the ship's destination and 
,. assert that destination we« displayed. ,'*?-»- 

For each aabestosia symptom (SYMPTOM) of the plaintiff 
check alternative-explanations for SYMPTOM and 

., assert SYMPTOM was checked for alternative«. 

.   While any strategic objective is not defended, 
■ keep some friendly force on alert. 

tlr\ The ROSIE programmer can control the context in which rule« are 
executed by organizing them into nuesets. Thia subroutining facility 
distinguishes ROSIE from most other rule-oriented systems. like sub- 
routines in more conventional programming, languages, ruleaeU provide 
a convenient way to modularize a ROSIE program into coherent pro- 
cedural unita, which can then be invoked in a natural and transparent 
way using ROSIE's English-like linguistic structure«.   Programmers 
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lb am * «mit to a dsatmatioa: 
(1] If the «nit is « vend, 

deny that «aft is docked at that unit's location sod 
assert tact unit is docked et the destination 

J2J If the unit üi a battalion. 
dray that unit does control tint unit's location and 
samt that onit doe» control the destination. 

(SJ Let the location of the unit be the destination, ■   '-; 

invoked by 
This ndeett updates the 

•«d^Mc':;- cell». 
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{*»* ÜSS Niait. to FMri Hrtor 

Generator ruiawu produce 
Ph.ifthe dauh<a» coat««»- 
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PT-67isaboet 
IV8S Nimit» is a «hip 
ÜSS Santos* te a ship 
PT-67 ie docked at Pearl Harbor 
ÜSS Nimit» i* docked at Pearl Haibor 
USS Saratoga is docked at Peari Harbor 

of a dass of itexoa. POT exam- 

~    - 

then a generator rukeet, soch •&, 
.   * 

To «mats. ««dat. p^ 

WProdoc. •veryahipwhkhi.dockod^th.po^ C 

«hen mvokad by 
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***** veesd at Peari Harbor 
display that V*»ed. V 
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USSHIm&t 
US3 Saratoga 

i to snnatem an be mad» trmmpnranlfcr and do set date«* from 
tha readsbilKy ef the eede. . 

Prwfeett rukeets p*mde a way of «mpuSmg the truth or &»*««* * 
a pnmontäort (La, • primitive eenteace). When ROSIB cannot deode 
taa troth nba of a proposition from affirm«! propositions in ha dsta- 

It «Btonatkaay invokes a «wtaaponda« jaadkato nil«^ »f ona 
A« exampäe of a predicate iac 

' •:•■'.'•■■-,.■,•   :...-..V^.-.- 

^?- 

To decide if a vessel is seaworthy:    ■: h^^'.'rW^W': 
II) If tha vessel doca peas inspection, conclude true. 

«corrode false. 
if tha doe» exhibit any signs of damage. 

This mietet cook! be jwroked by executing the following rule: 

If USSNiinittb seaworthy, tQ 
s USS Nimiis to Pearl Harbor;■'.;;&... .',/:;, 
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A predicate can conclude true or false, returning a boolean value to 
tha calling form, or h can «imply terminate, returning nothing and 
implying an indeterminate truth value. Note that references to a 
predicate ruteeet can not be distinguishedfrom reference» to rciaticna 
in the'database. ;kC^:-.:'% -;V"V' :.m >* -fy ^•^•■^VOS "iäfXj£ ^f :#>: •;. 

' ROSES also supports a spedaliaed type of ruteset called a demon. 
Demons selectively capture control of computations (La, are invoked) 
when a particular event occurs. Once invoked, a demon can interro- 

- gate the system's state, and either allow the event to resume or release 
control without continuing the event. For example, the demon 

Before executing to ™<™>» » «*«»p tola «<«w»rt««timt? 
|IJ If some ve— 'at the destination is equrl to the ship, 

■end {the ship,* is already at", the destination} and 
'■-■"•VÜ■'■-■■ tetum, •■'■■ -.' ,.'. '"':'-- '•\\V:-'!:l;v:<,^.':^'* ;.-;^-;«'";.^: 

H otherwise continue. 
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weuMhe «wakened by the procedure 

Move USS Nirait* to Pearl Harbor. 
:." ;v 

- 
-• 

m 

Demons permit the specification of event-driven program control and 
are useful for maintaining consistency as the database changes. 

;_. ■ 

LINGUISTIC STRUCTURES 
■ßm04:^i^:ij:^0i'0: 

ROSIE's three principal linguistic structures are term», action», and 
sentences. Actions advance the flow of control; sentences describe 
declarative relations; and terms act as arguments to both. 

Terms are ROSIE's data objects, Le, expressions that evaluate to 
one or mom data primitives called element».^ Terms serve as arguments 
to actions and sentences, as well as to other terms. Some illustrative 
terms are shown in Table L , , 

■'■■-'.;;;;-';;  -f, -.v'^yvt^;;..,;lRs»*et "■■ ,'J 

KXAMPLE8 Or BOSK TEKMS <** 

T*» Ten» 

Arithmetic 

airfield «5 
18000 DOLLARS 

tiwranwt DE * (tha numb«' at «spaaed 
s :?   ;- - .    • .. ...   «ii*?Bil/tha total «nabar of aircraft) 

D—tilpti—      the bktodsMtwtnauH oT th* plaintiff 
aaafy friamffiy battaBon which ammfaployd 

'  '     " .'■ Ti '■■■ ■• 'v.,.  '■'"'.'''■.  '   ■ ■"■:',. 
'    Anaphoric       that »hip 

that symptom 

bantfe« one of P-lllX. P-4X or F-16X 
MCS ottUBf voturPs? mo vital fyc it ji 

•/fe^p'^' 
iüj-   '''   : i 

-5-    .. 

0*?^^. 

'. ., ROSIB supports a specialized element called a pattern tot complex 
I/O and string manipolation tasks. A pattern designates a virtual set 
of strings. Strings can be matched Cor inclusion in patterns. When the 
pattern designates a set of only one string, it can be coerced into that 
'string and .output. Examples of patterns used for both matching and 
formatting text are given in Table 2. 

■ V A 
'■i 

■'. IjäitiifeSi 

.:   -       •,-:.-... 

■■'.:.,■■ .,••■■■■'■■ .'■■•        .:    '■■;■ ,\:?:   ■:.'-■ .'■'■'-,'   ■■■-.!  .'..■ :" ■■ ..■.:-■-.' .■■ .■■■■-■•wv ■■■:;■■"; 

- I.,    -   -. - —"■** *■'r 

.'••3 V'.-'^r--'':^';';'?:''^'^'^., ......   .■.,,-.. 
..■■■■     :,.v,:   ■■...:■..■■   .<■■■       .    ■   -_;     v   ;■  ., 

.   ■■ ....■,      ■.-■■'. .■ ',■■'  .      ■"■ ,. ■   '■     ■    . 

•il 

     ... 

:xr-: 

-A^iaWi 

x --    »:1c■.■""-.-:■;•,.■■■;- '.'*■■■■: ■,■'•:.■..'•..-.  ■•■fw;.■■..-   .• v,1..' 

älÄäJ 



. i ■•" '■    - '.: '.■•'■.:■       ■ .   ..',. • ■ ■   ■     >   :.'■■■. •   
SSAaSFLKS Or ROBB PATTBBN8 

;'"  v J-,-V!.,-.Y 

.>■■■■■ ■ .....   ■        ■'■: ■ '.,■■   •    ■;■;■ 

:7\.-Vi-;..:v'-:.-i-   ■'.■^■.->,.■■ ■,•-■,' ,.".?-■ 

—__  

rafefisM **. 0«r more «firfte. «ad) ■:-'.    :'/ «afield » i3;-^     y.^:^f> 
(aaythia& "docfcwä *t", «sr^une. «ndj The «hip is Mt dockad «t 

]U»chip,■" dossaaad Npstr"} 

■'S 

..'■■ '/V....-V.»- ■■-'■!,%. 

Output test 
■ ■  TJSS Nini 

PbtintüK John Smith 

ROSIE octtoru represent eipcutame operations; actions can execute 
procedures, modify the database, or control the execution of actiou 
Mocks. Examples of actions are given in Table 3. 
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■SAMPLES OV BOOB ACTIONS 

Action 

t tna fores M n<n • now dboctivo 
■ deny At plaintiff did contribute to tfat injury 
';**ths objscti** bt •octis rsduction ■,_' .'■'.•.. 

a«d {*AWWd: *. th» «fafidd, er} 
. tat «xposni» batst* of the i 

:vx 
%-c 

iSiy-ifSfi 

; If cy wwgy b<f taiiow POM Mvian towud toy ocijeKttVeV 
;;i.^'Biov9 MDI nttocQy Mttibop (wncs 14 uodBpicywii --- 
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fitstes (F) ia tot botQBf HH, 
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FwuDvin a twvr duectivt -'\ 

Mo<fi&tbe< 

. piocoduiits 

Conditionally •sscuts 
Moow of Actions .. 

over •sat 
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Sentence» specify declarative relations whose truth or falsity can be 
tested. Some sentence forms test the cardinality of a class; while oth- 
ers test the equality of data objects, aa illustrated below: 

,; ---• J 

Cardinality: 

Equality: 

There is more than one force which is on alert. 

The type of attack aircraft is equal to F-111X. 
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Tim* ab» oxista * typ« of sentence eaSed e proposfci»», who» teuta 
or falsity can be computed by rjredfcate rofeaete. Proj»««*^ ™> 
five basic syntactic fern», each of which capturesi.;* «P»^«ffff 
English usage. Bxempks of *bese fro basic fern» ph» extenmons 
obtained by appendinff prepositional phrase« or changing ten«« are 
shown below: , - 

t0w»Membership,. 
Syntactic form: term ia a description 
HMmnfar-s       4ya^ B tflflB|)taB rfa*Mto«r   ' 

floggar ia a type of aircraft at airfield * 1 

?*:■¥*;■ 

■■:;. Predication --,'-'. 
Syntactic form: term is i*r? 
Examples: the border area 

2j^«*ographic 

: ■.,■:..■:.•'..-'• '-••;.'"'"'-'"".'f t^giM» ->;
;;?vV";'e* 

Predicate complement £ 

,.-> Syntactic form: tern is oerö term 
Examples: 

undefended at 0830 boors 
i contested by the 

■ ■ - ■,- 

>.''! ■•'; 

the battle b nearly finisbed 
USS Nimitx was rarely deployed in the Persian 

•"^ryfMf'-:': • 

ft« 
,  •     -   ->  . 

-'. V..;.-.,';'■ ■-.'•-: 

" -        : 

- 

Intransitive verbs ■.. "777 
Syntactic form: term dews cer& - 
Example«: the ship does float ■ ;■• 77 .:■■ V'," ,■,.:;,; ;:^.- V; ";,»■' **? 

battalion «4 did proceed to the objective 
-      "' ; ■ .. • ^ , , . s ,   4, *        - > ■>- • -    j ! 

Transitive verbs \, "",'."7^."" 
, Syntactic form: term does wrkto"»    ^^ ^-  1^ 

' * Examples:v77     the plaintiff does have a -history of exposure 

.      • "I     ' ....       .    . ..    . 
The ROSE environment provides the necessary support for design- 

ing and implementing expert systems. XPL greatly enhances the use- 
fabiam of that environment. 

<.#J:;Ä;,;.......... 
  

, to asbestos" 
the force did receive the message at 1500 hours 

-, ■■ ::e 
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HL THE EOSIE EXPLANATION FACILITY 
- .   : „ 

g^XPI^the ROSIE explanation fitcility; w a wt of n^hanian» that 
«oduy and enhance the standard ROSIE 2.4 programming environ- 
ment Thia set extend« the grammarof the ROSIE languag» adds 
Intetiap software to support explanation, and adds ROSIE software 
packages that are compatible with the standard ROSIE syntax. As 
indicated in Fig. 1, XPL comprises a history mechanism, grammar 
«nnanrementa, »backtracking mechanism, a menu package, and a win- 

M' 

BACKTRACKING 
' MECHANISM :•"; 

:^?& 

HISTORY 
MECHANISM 

-.;-- r   -:v.;--,-:... 

s 

GRAMMAR 
ENHANCEMENTS 

z 
■■!•;•?■ *IMFJ£%\. 

1~V 

R08IE X4 PROGRAMMING 
ENVIRONMENT 

'.    ,,'..-., ^*,< ^WINDOW 
PACKAGE 

MENU 
PACKAGE 

««W» 

Fig, 1—Components of XPL 
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of XPL features presented below &ra 
drawn from military and legal problem tamains.-.(Leii tactical air taiget- 
mfcpgodact KafaiKty daim settlement, and estate planning). :.■■! 
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HIBTOKY MECHANISM 

XPL's history mechanism automatically records and organizes the 
information about a computation (action or conchsion) and store» it 
be a history list. The expert system developer can select in advance 
those computations that will be of interest to the end user, and only 
information about those computations will be stored. In effect, the 
system developer tags particular rules and ruleoets so that when they 
are executed, records are placed on a history list. These records 
incfada (1) static and dynamic textual information, Le, plain text and 
taxt mixed with ROSE terms that are evaluated at run time; (2) infor- 
mation concerning the tocoi context of the event. Leu, theassertions 
that satisfied the condition of a rule; and (3) infor.nation concerning 
the global context of the event, Le^ what rulesets were active at the 
time of the event. 
' XPL also provides a menu-drivan interface to the history list by 
which the user may determine which items should be explained. These 
kerns are the set of intermediate and final conclusions made and 
actions taken by the expert system during execution. After the system 
finishes its computation, the items appear in a special overlay window 
and can be selected by scrolling through the list and pointing to the 
desired items. Once an item is selected, the user may exercise any of 
nine options regarding explanation (selected from a pop-up explanation 
menu window), which include both moving along and displaying the 
inference chain all the way back to the input data. Figure 2 shows an 
•sample of these two windows. 

i:;v; 
HISTORY LIST WINDOW 

iV. The plaintiff »JOHN SMITH. 
s. JOHN SMITH does possess complete 

evidence of asbestosts. 
8. .The mjuxy-vsme of the case is 70000 r 

DOLLARS. 
|*S The exposure-history of JOHN SMITH 

is SEVERE-EXPOSURE. 
'M* ; AGE is important. 
-6/: The value of the case is 116000 DOLLARS. 

EXPLANATION 
WINDOW 

1. Description 
:Vfc:. Example 

3. •  Premises 
-■4i-, Rule    \.:f:i< 

5. Ruleaet 
6. Summary   v 
7. Tutorial 
a Why? -.-'' 
9. RETURN 

Fig. 2—Selection windows for explanation 
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Whatever as item is »elected, XPL attempts to display on explana- 
tion associated with it If a general description—Lä, a high-level 
description that characterize« the item's use independent of the curreat 
context—is available, it is displayed. If a general description is not 
available, XPL displays an example explanation consisting of one or 
more: specific examples of how the item was used in the current con- 
text.; If neither of these is available and the item is a rule, the inatan- 
tinted premises (the subset of premises in the rule that caused it to fire 

; in the current context) are shown. 
The user selects the additional type of explanation desired by point- 

ing to an explanation menu item. The available options are summa- 
rized in Table 4. 
'The user can select Descrip* . to display a high-level explanation of 
why a particular, conclusion was reached. Example can be selected 
repeatedly to provide different specific examples showing why or how 
the conclusion was reached. The user can select Premises to see the 
precise form of the instantiated premises from the rule that produced 

i'the conclusion. Rule or Ruleset may be selected to see the actual defi- 
nition of the : ale or ruleset involved. 

The Summary option provides a high-level explanation of the ruleset 
that fed to the concluded item. Tutorial provides access to tutorial text 
illustrating the concepts embodied in the ruleset. Upon selection of 
this option, the first piece of tutorial text is displayed, and the explana- 
tion menu appears, as in Fig. 3. Tutorial can then be selected 
repeatedly to cycle through the available text. ,;•     ■:';,:;,.;..vV.'/^:."/."Ä'-4n'--:.'-; 

■'WffSs 
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'iv-'V- - ■' 

:J!''S-- 

:.vs\,< *fj* ,   *4  * m% 
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EXPLANATION WINDOW 

L 

3. 

Tutorial   • 
Summary 
Ruleset 
RETURN 

> ■,.- 
jlFig.- 3—Tutorial explanation window 

:,.-■ The Why? option allows the user to follow the logical chain of rea- 
soning the system used to arrive at a particular conclusion. Each time 
Why? is selected, the system moves one step up the inference chain, 
displaying the explanation associated with the rule that invoked the 
previous ruleset At each step, the user may exercise any of the 
options described in Table 4. /..:":     -^       1 /     -'- 
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AVAILABLE EXPLANATION OPTIONS 

Seteetioa ReauK.. 

,•-.->»>' 
» 

Description     The system presents a high-level 
explanation describing why the 

»elusion waa reached. •■/ 

.Thstysteiä gives specific .' 
examples illustrating why the  ;. 
conclusion waa reached.   .-: 

The system displays an instantiated 
form of the premises from the rule 
used to reach this conclusion. 

The system displays the  ;; , 
uninstantiated rule used to 
reach this conclusion. 

The system displays the entire    . 
ruleset containing the rule 

I to reach this conclusion. 

■;:':'-.WMS?i"" 
. - "-   .   ft -£& 

Premises 

Rale 

Ruleset 

^»«sfeSjsS*: Summary 

jc-U'C- **fe 

Tutorial 

1     " ."■ , 

Why? 
v ;•■■*.' 

; '•','.•.  '\     '    ■ , 

RETURN 
 — 

The system presents a high-level. 
: explanation of the ruleset used 
to reach this conclusion. 

The system gives information 
illustrating the concepts embodied 

' in the ruleset used to reach this 
conclusion. ".'   ..■■:. ;':',>?^ 

The system explains other rules 
in the inference chain for the 
conclusion. ■.:'•...,,■/>»-..•.-: 

The user exits the explanation mot'' 

%ifl 

'■S.a 

>;.'.:■': 

i;i The use of the Why? option is illustrated by the following example, 
in which the user has indicated that the item of interest on the XPL 
history list is the plaintiffs history of exposure to asbestos. The user 
wants to trace back through the inferences leading to the conclusion 
«hat the plaintiff does have a history of exposure to asbestos: 

>.   ';    I did conclude that JOHN SMITH does have 
'     ,   "a history of exposure to asbestos" * 

in To decide A PLAINTIFF does have A 
-   HISTORY-OF-EXPOSURE-TO-ASBESTOS rule 2 
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because: 

By history of exposure we mean that the plaintiff 
experienced either a severe or significant exposure 
to asbestos. ,. 

> Why? [were you trying to determine that the plaintiff _'"-"'   ? 
had a history of exposure to asbestos] 

'.-■'., \ 

:'.."i.:':,r'V'.> 

I needed the conclusion that 
'JOHN SMITH does have "a history of exposure to asbestos"' 

in order to conclude that 
'JOHN SMITH does possess "complete evidence of asbestosis1"   _ ;.v '-.-. 

in To DETERMINE-DOCUMENTATION-OF-INJURY rule 2 v^— 

because: 

We consider evidence to be complete if the plaintiff has p 
•|'f I ;":J; 

s| a history of exposure to asbestos, symptoms of aabestoais, - vv l~ - "- 
j^f      - and both laboratory evidence and radiographic evidence of 

parenchymal asbestoois. '     "  •    * 

The user can select these explanation options either after processing 
is completed or during processing. To select them during processing, 
the user interrupts the program, invokes the history list window 

: mecufiiuöni, arm then Sciccu» tfic ucBireu explanation options. For 
example, the user could trace back through the logical chain of reason- . ..^.-^r, 
ing used by the system to find out why a particular question was asked ^ _ „4. 
or why some intermediate conclusion was reached. 
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GRAMMAR ENHANCEMENTS      C, 

The three main enhancements to the ROSIE grammar are the 
explainable rule capability, a ROSIE data type called an intensional pro- 
cedure, and the query capability, which consists of special grammar con- 
structsfor defining queries directed to the user. .._,.,.,„• 

Explainable Rules. Rules and rulesets are tagged for future expla- 
nation and placement on the history list by associating them with spe- 
cial grammatical forms. Only tagged rules and rulesets participate in 
the explanation processes; non-tagged constructs will not appear in the 
inference chain, nor will their computations be available for explica- 
tion. The special grammatical forms also can associate each rule or 
ruleset with either (1) fixed text, (2) text with variables (ROSIE pat- 

1 
i 
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;        ;; terns), or (3> arbitrary procedures, La. 
dynamically create "an■ evpkisäiör: bssad catks-eajifeaieentext.  Is 

- 

sulesets:designed to      ,     ' ' 

< ' •, „ ''-1 

■,, 

M" 

* ..'^ * •■ less of the item that is to be explained. The specification may contain 
one general explanation and/or any_ number of example explanations, as 

i 

h 
'■■■', * 

for example, -^specific 
and <specific expla&atvw 

The general and example explan^Uonamay; be either strings oi text 
enclosed in double quotes, RQSIELpatterns containing text and terms 

i     evaluated at run time when the^explanation^record is created, or 
ROSIE patterns specifying a call fefcan arbitrary ruleset. Examples of 
each type of explanatict^rggiven^ Table §r.?  ..,,.,., 

The general and example explanat£ona:;mayr:8^£b^^RÖS!E tuples 
.   that could be used to implement atmere general explanation facility. If 

rm* 

*r*fXi',-".v - 

tuples are used, however, the expe^ay^t*m Jfeuüdeirrsust customize cer- 
tain rulesets in the menu package'to access-th» ^formation contained 
in the tuples.  Tuples may be usffd"to'peimit:the'system designer to 

with different levels of 
builder' could use XPL to 

- create different levels of explanation for'users wit] 
.   knowledge. For example; the r"3b;»ysteni=builde 
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containing the three different explanation texte for.the different types 
of users. Another more interesting approach toproviding multilevel 

•~. explanations is based on 2-tuples,in which the first item is a basic 
«explanation and the second is a call to a procedure, specifying the 

transformations needed to create each of the desired levels of explana- 
tion. Another use of tuples in explanation is presented in the discus- 
sion of the ROSIE menu package on pp. 2S-27. . 

Explanations may be integrated into a RÖSLE program through 
their association with any of the following ROSLE constructs: v 

» A procedural, generator, or predicate ruleset :;--^>    -/- 
• An assertion into the database 
• The conclusion from a predicate ruleset 
• The value produced by a generator ruleset 

. • The invocation of a procedural ruleset- ? i si 
■ -   ■■:■      :v--,--, 

The first construct is a special, independent "explain" rule inserted at 
a ruleset's beginning to explain the ruleset's actions. The others are 
"because" clauses added to a rule to explain what it means when the 
rule's premise is true. These also serve as tags to indicate when expla- 
nations should be added to the history list. The use of explanation 
with each of these constructs is discussed and illustrated below. In 
these examples, XPL extensions to ROSIE are shown in italics. 

An explanation may be associated with? any ROSIE ruleset.(pro- 
cedural, generator, or predicate). The specification of that explanation 
immediately follows the ruleset's header, as shown in Fig. 4.     .    „ , 5 

To generate a percentage-reduction to aircraft at an airfield after 
an attack on a target: 

[1] EXPLANATION: because, in general, {'The airfield selection rules ", 
"calculate the sortie reduction that would result from attacking ", 
"each recommended target element separately and then combines ", 

•'' V. .   "these reductions to determine the effect of attacking groups of ", 
"elements."}, - - 

for example, {'We are currently calculating the ", / 
"percentage reduction to aircraft at * the airfield, 
' after an attack on ", the target, '."}. 

•:?-f ■:■?;■•*' &$m 

End. 

Fig. 4—Example of associating an explanation with a ruleset 
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The general and example explanations for rulesets are accessed via 
the;Suhwnao' and Tutorial options from the explanation menu, respec- 
tively. They provide high-level descriptions of the operation and intent 

tot all therulesacting as a single unit. The gen*.ro/ and examp/c expla- 
nation» for individual rules are accessed via the Description and Exam- 
ple options. t , 

An explanation may bs associated with an assertion into the data- 
base, as shown in Fig. 5. In this case, the "because" clause triggers the 
explanation's inclusion in the history list when the conclusion is 
asserted. .        _1    ^ 

To determine-documentation-of-injury: 

J2J If the plaintiff does have (a history of exposure to asbestos) and 
:v,,\ the plaintiff does manifest radiographic-evidence of asbestosis and 

;       the plamtiff does have dyspnea as a symptom and 
'Vi>j( the plaintiff does have laboratory-evidence of asbestosis or    : " 

the plaintiff does demonstrate symptoms of asbestosis ), 
conclude that the plaintiff does possess ,:'      -','■>-# 

V; C: "complete evidence of asbestosis" because, in general, 
,;;*■{"We consider evidence to be complete if the plaintiff has ", 

"a history of exposure to asbestos, symptoms of asbestosis ", 
f/S0'tmd both laboratory evidence and radiographic evidence of ' 
?/■ ' "parenchymalasbestosis."}. -.:y):''[:^r<j'^^:;r^:j■■<:;:.:};:;:fv. 

u-n%-?;; V 

. Ky 

:i'?**&-:;vi*i. 

End. 

Fig. 5—Example of associating an explanation with 
.   an assertion into the database ■,;.;--;;, -^^'vi 

An explanation may be associated with the conclusion from a predi- 
cate ruleset, as shewn in Fig. 6. In this example, the predicate returns 

^TRUE" and is recorded; with the general and example explanations 
given. 

An explanation may also be associated with the value produced by a 
generator, as shown in Fig. 7. Here, the value produced is the instan- 
tiation of "that battalion". -.,,.*      -,    , 
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•\,y < V To **"*« »* » weapon-system doe» satisfy policy-rules for use against 
I'" ':"-' - a target at an airfield: *■■■■"■■:■■..■,..■ . ., ,. 
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■"■■:::>• I2J If the weapon-system does fail to satisfy (some ROE for 
the airfield), *        " 

'  conclude that the weapon-system does not satisfy policy-rules for 
use (against the target)\-atthe airfield is TRUE 

because, in general, {'Before a strike can be made on ". 
'a target element at an airfield, that strike must ", 
'satisfy rules of engagement at that airfield."}, 

for example, {'A strike at ", the airfield, " with ", 
the weapon-system, "fails to satisfythe ROE: " 
that ROE). 

'■'ll\?X'.' Ri» 6—Example of associating an explanation with 
> the conclusion from a predicate ruleset 
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To generate a battalion in a sector. 

• 
[2J For each battalion which is stationed in the sector, 

^S;'produce that battalion as the battalion in that sector 
because, in general, {'Any battalion stationed within ', I 

"a sector can be called upon to defend objectives ', ' 
"of that sector."}. 

End.   ,   . , 

■| , i '**• 7—Example of associating an explanation with 
•-] : : the value produced by a generator •     ■,-        v ; 

';■> 

■ "■'■'■■'■• ;   >:\-4~^A:-iih^r--fi i 
  ■       , ; 

~,^.z-'*rJ^'. iwÄ^i;.'is-.i^'Ä.'r-i i>;^iiü Ü,';:'ii.r.V'; 
*t»  -*    ^* .?^ - -    " >■   -     /*«Cw     ~    --«. i 

r   - ^'"';;^Ö 



•Mi..->:-~''5-=-"--'-".J:>-"-T-.--j"iJf f?i 
t'>.VvS v;''I-;?-. %■-•'■::'£; ' ''S?"wS 

3 t 

m 
,'i'-^- 

ZA^ 

Ttatmm SEFUWUTK» MCOOT 

ÄHÄfe*fc;:?:äö. .■•.?.j%«'"i\u-;' 

■-■■•■  V :■■     ■■■'■■ 

:r ,.-.,.- -v-v ,-. ■.   . .- ■ ■   :.;,■ •  -.:-/yyy   ^ .-->- 

» 4 

f 

*?» 
An «^«yatioa may be «aocisled wülr-; the irtvocstkm of a pro- 

cedural rufeset, a* shown us F%- & Hera, the procedure being invoked 
b *d8ptoy-ferces" and the exp-Laaatkra ft» .the procedure's kswestkaa s» 
triggered by the "because." 

; "Associating an explanation with th» invocation" "of a procedural ruleset. ° 

To enact defense scenario: 
% [$) Do deptay-forcta because, in general, ['Forte mutt be deployed 

against advances by *, the enemy /wee, 'in order to ■:*,   ! 

the current goal for deploy-force», '.') 
End.  

Fig. 8—Eiample of associating an explana^ :/'■'■.. 
the invocation of a procedural ruleset : 

%■■ Intenskmal Procedure«. The intentional procedure ia a ROSIE 
element that allows the knowledge engineer to store an unexecuted 
action in the database for later execution. This procedure defers the 
execution of the verb in the command statement. Intensional pro- 
cedures can be used for implementing framelike capabilities in ROSE. 
For example, in a frame-baaed system, it is necessary to be able to 
define an unexecuted ruleset as the value of a frame slot and later exe- 
cute the ruleset in a new environment. This can be done in the 
explainable version of ROSIE by defining a ruleset called "Put VALUE 
for a SLOT of a FRAME," which seta the value of a given slot in a 
given frame, and a ruleset called "Invoke VALUE for a slot of a 
FRAME," which executes the value in that slot. Examples of these 
tworulesets are shown below: z_,^~:^*;(i:^y<lfi£is.>i^£-^i}yif,^..- 
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To put a value for a slot of a frame: -    -  ^    -     .■   ; 
[1] Let the fiiier (for the slot) of the frame be the value. >'■?■ 
End. 

Invoke ROE of AIR STRIKES. 

To invoke a slot of a frame: -:     t;' 
llj Execute (the filler) (for the slot) of the frame. 

Assume that one wants to add the following unexecuted ruleset to the 
frame AIR STRIKES under the slot ROE (rules of engagement): 
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To dispfo-rulBaH>f-eagagemeat againsta hostile among non-behg 
mto a window: 

flj Output {"A 25NM buffer SOBS established witbjo 'the houtüe country' 
the hostile, " along its borders with the non-belligerent ", 
"nations ", the non-belig, ". Attack of Urge?* within this". 
" buffer zone is prohibited.''} to the window. 

$^\ .JSnd     *   '       ,        V. *" ...  : '\        '   ' 

To add this ruleaet to the frame AIR STRIKES under the slot ROE, 
execute the command: ..;»>"*-• 

PW 'display-rules-of-engagement against the hostile country' 
among the non-belligerent-countries' into the window" 

A*-ROE 
of AIR STRIKES. 

The knowledge engineer could later use the Invoke command to exe- 
cute this ruleset, generating an explanation of the applicability of air 
strikes in accordance with the rules of engagement. For example, if the ; 

knowledge engineer issued the command: „ ■•:.- ^Wäiv* 

Invoke (the slot-value for ROE of AIRSTRIKES). '■■",. ",X2'\- 

* The system would reply: ... 

^     A 25 NM buffer zone established within the hostile country REDLAND 
along its borders with the non-belligerent nations OILLAND and 
CAMELLAND. Attack of targets within this buffer zone is prohibited. 

'S\:^K':'':f.''::'''y::'r-:'f ■■";..\svr'/. Y^'.'?:•■■ /i^f^V^K'-;^ '■'■■"■'-■i:i:-\'':<,'•■••:•;!: 
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Queries. XPL provides special grammar constructs for defining 
queries directed to the user. For "yes/no" questions, the system builder 
can easily specify the explanations to be displayed when the user is 
being queried.In this case, XPL displays the question and then 
presents the user with the following menu: A   *   '/"... i ■ ■ 
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2. NO 
8. WHY? 
4. ELABORATE! 
6. PAUSE 

The user has the cation of either answering the question (Yes or Wo), 
accessing special explanations provided by the system builder (Why? 
and Elaborate!), or invoking the ROSIE break package to debug the 
system (Pause). The ruleset below illustrates the format for specifying 
the explanation«. Note that the explanation associated with £ conclude 
clause will be attached to that conclusion's history list record for later 
access via the explanation menu. • _,_ 

To decide if a client is married: 
IIJ Questiorvi'Ia'', the client," married? *}, 

If yes: conclude that the client is married 
because, in general, 

.,:■##WfK::'y ■ •■'■ 7-vi""Tbis is what youtold me.";'.'.. .'" ^'^'-^^.F*?* 
If no: conclude that the client is not married , "^. 

i:yyk:fVry\because, in general, .v-' 
"This is what you told me."; 

:' If why: because, in general, ■ '*K'^':_ ;■? 
{"The-rules for determining the öwrierehip of-.',' 
property are different for married clients."}; 

Elaboration: for example, \'■'•-J....'.:i'. •' '"'■'■ *: ■'"-'* -;-K'* 
{"For example, only married couples may hold".", 
property as community property."}. ;y;-:^f 

Again, the explanations following the yes, no, why, and elaborate por- 
tions of the rule may be in the form of text, patterns with variables, or 
calls to arbitrary ruleseta. 

For more general questions, XPL provides grammar constructs simi- 
lar to those just described. The system builder specifies an input pat- 
tern against which the user's input is matched. The user may type 
why or elaborate to access the same types of explanations as specified 
jabove.,^.-The rule shown below illustrates the format required to specify 
the explanations: .. 
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UJ Question: ["What is ', the battalion, ' attrition rate?"), 
Read: {".", 0 or more digite (bind the battalion's 

attrition-rate to a number), cr}; 
■■•'.-'Default: conclude the battalion's attrition-rate is .16 

because, in general, {"An attrition of .18 V 
"can be expected on the average for defending 
■forces."}; 

■^limbyi because,in general, {"A battalion's attrition rate " 
"decide the readiness of the force."}; 

Elaboration: in general, {"Input the attrition as a real ", 
"number between 0 and 1 representing the ", 
"fractional attrition rate to force."}, 

for example, {"The default attrition is .18."}. 

BACKTRACKING MECHANISM 4 . 

XPL provides a catch and throw mechanism, which allows the sys- 
tem developer to write code that can explore a chronological line of 
reasoning and then back up to an earlier point in that line if the rea- 
soning proves ': be unsatisfactory. This is accomplished through a 
new monitor m., anism which allows a ruleset to be restarted after 
processing has reached an arbitrary depth. 

The catch and throw mechanism is particularly valuable for-espert > 
systems that'make a series of initial assumptions about the problem 
domain and the particular problem being solved: Making such assump- 
tions can speed system execution by obviating the need to ask the user 
a lot of unnecessary questions. However, during the course of the 
interaction, the expert system may determine that particular assump- 
tions were incorrect. If this happens, the system must remove certain 
conclusions, contradict the incorrect assumptions, backtrack to the 
appropriate point in the program and restart the computation. 

To define the backtracking departure and destination points, the 
knowledge engineer adds the statement *     v: i , .   »    t.^Äi.^vC' 

.':-'■'■■■ \ 

_   Execute with marker <name of marker>  ' 

to the destination ruleset, and the statement    ' 

to the departure ruleset, as illustrated in Fig. 9. 
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Dsstinatkm nikaet ^«#&:&, 

Execute with marker POINT-l. 

Departureruleset 

Return to marker POINT-l. 

Flg. 9—Backtracking in ROSOB 

For example, assume that a military planning expert system must 
1 i backtrack to the start of a ruleset for establishing force deployment cri- 

teria and that this backup occurs when certain assumptions are not 
valid. The ruleset could have the following form:  'v°:. ••-;....._yi-yf ;;s% 

To establish criterion for deploying-forces: ' 
Execute with marker FORCE DEPLOYMENT. 
[1] Unless there is no vulnerable supply-line, 

\-".''•■ ÄrV ?deteimme-8upply-line-requirement8.      - /a^f-' 

m 

■:4 

I 

1 

:'3 
End. 

The system must" also contain a ruleset that determines the validity of 
the assumptions and initiates backtracking when those assumptions 
are invalid. In addition, it must correct the invalid assumptions and 
any conclusions that depended upon those assumptions. For example, 
the system could contain the following rule: ■•• 

\ If the user does rot want-the-assumptions, ■--3» ^m;:: 

return to marker FORCE DEPLOYMENT:   '■;%> :^j,:0gß$&: 

Here, the user must decide which assumptions are not valid. Once this 
is done, the invalid assumptions are removed (by code explicitly pro- 
vided by the expert system builder), and control returns to the destina- 
tion ruleset. This catch and throw backtracking mechanism is espe- 
cially useful for planning systems, where assumptions are constantly 
being made and revised. 
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• The XPL menu package effectively{implements the Interüsp-D 
.   ; menu data type in ROSIE.  A menu is s ROSIE tupk, each efemect of 

which »one menu item.  Each item may be any ROSIB data object, 
fotahng a tuple itself. 

Two generators allow RÖSIE to interface with the user through a 
menu, as illustrated in Table 6. The first allows the «wer to select 
exactly one item from c menu; the second permits multiple selections 
or no selection at alL 

'r ■■::+.■- 

•' rv 
. Table« 

MENU PACKAGE GENERATORS 

Generator Function 

SINGLE-ITEM öx» MENU 

SELECTED-ITEM from MENU     Dwplay» the memi and return» 
.    aü Hem« selected by the ueer ,v 

Diaptaya UM menu and return* 
..•.what as aooD 'as the üaer 

'one !' V" 

■!•■■•;; The following example illustrates the use of these generators to pro- 
duce a menu interaction. Fin», the menu hems must be defined, e.gl, 

. ° ,_  Let the trade-menu be <shipbuilder, carpenter, insulators».^ yi. "■'/}:■' 

-"""Let the symptom-menu be < "Dyspnea", "Cur Pulmonale", "Cyanosis", 
'Clubbing of P1ngers">. 

A-'v'.v!i->-•>'!*• 

'. ?v'ii-''-,
%-v-'^-.'ÄV'v,.*,:Ä-->..-J 

When the expert system activates one of the generators, a menu is 
displayed and the item selected is returned as the generator's value. 
For example, y% 

;••--?,. 
«*!; «WI^Y: 'A :WV.'*: 

;;";;-:;:.'VLet the plaintiffs trade be the singie-item 
'-••''■•.'"•:>V.r;- ^ from the trade-menu. •;.--       .     yy .;;&./', 

creates a display with the following visual representation, 
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and esaiges the selected value es the plaintiffs trade.  Similarly, the 
'Ibäiowing'fraemtoT-call, ^ 

' '<*■ i-, ?" 

Assart every selected-item from the symptom-menu 
'      is a symptom of the plaintiff! ;C^* 

creates the following visual display. 

•,'«".>'•>.':I». Oytpoee ' ."':"■,-.'■'■ .\Y?'-«./■''.,4-'«' 
2. CurPulmouale Y-'Kv^v/Y 

}^J: ■. 8. ,Cjranoaia'•_."■■ ■■'■!■■■ •■'i^v.i-»^..'^!--'.^ 
4. Clubbing of Fingers 
—ENTER— .■■"-- ■■' -•:.j,:  :.- /" ''; ■ .-..'   s .        .* 

and defines every selected value to be a symptom of the plaintiff. 
Explanations can be attached to the menu items by representing 

them as tuples, where the first tuple element is assumed to be the 
display form (La, the form that will be visually displayed in the menu); 
the second tuple element is the return value (Le., the data object that 
will be returned when this item is selected in the menu); and the third 
tuple element is the explanation or elaboration made available to the 
user if he or she is unsure of the meaning of the Hem. The elaboration 
is optional If the return value is missing, the display form is returned. 
Thus, the menu item, 

<"rastaDed insulation", INSULATOR, {the elaboration for insulator} > 

causes the item installed insulation to be added to the menu of items 
presented to. the user for selection. If the user selects installed insula- 
tion horn the menu, the value INSULATOR is returned as the user's 
response. If the user indicates that he or she wants an elaboration of 
the term installed insulation, the explanation generated by the ruleset 
called "the elaboration for insulator" is displayed. 

"XPL"-was developed on Xerox 1100 series computers, so the menu 
package was designed to use the Interlisp-D menu data type which is 
activated by a mouse-type control. Some development was also done 
on VAX computers, however, so a keyboard-activated version is avail- 
able which is transparent to the expert system builder. With this ver- 
sion, the user simply enters the numbers) of the desired item(s), fol- 
lowed by a carriage return. 
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^|W#D6W PACKAGE 

^/ v-The XPL 'window package takes advantage of the windowing capa- 
JbHities of the Xerox 1100 aeries computers.  This package allows the 
.system builder to create and manipulate windows in much the same 
way any other ROSIE data object is manipulated. The following exam- 
ple illustrates the creation and initialization of a window: 

>i"V-;^'t'"'1''*'■':.>-"'■";-'.•;*■ ^ i*'*'-' i"7';   .':/    'V    '■',''!      '"'?" '."-'.-..■    .  '■       '   .'.   ,' ' •   -"  ".«.' '.'„■''*.". \+'-t  '''T.'. &■:.,;' 

.j   Assert testwindow is a window and /'"'^ "'"''■-/?:'^:- 
;.  tot testwindow's region be <500, 30, 500, 260> and 
i -^ ■ testwindow's title be The test window" and 

testwindow's font be <GACHA, 12, BOLD> and 
'47testwindow's.tittef<c^'be,<TIMESROMAN>24>aaid' 

change pagehold of testwindow to DONT and 
- dear out testwindow.   . , ...^ /^.....^^r^^^^m^^^.^ 

'This ROSIE command creates a window named testwindow; gives it 
'the indicated region, title, font and titlefont; keeps it from pausing 
when filling with a page of text; and finally ensures that printing will' 
start at the upper left corner of the window. ■ V" 
'Windows may be opened, closed, cleared, and written into by using! 
special ROSIE procedures. A formatting procedure.is also available 
which ensures that lines of text are terminated at the end of a word 
rather than at an arbitrary point 

Here again, for purposes of portability and to support davtlapxnoni- 
using VAX computers, a version of the package is available which col-;' 
lapses the output of all window commands to the standard dumb termi- 
nal screen and provides word-wrapping of text lines. 7/v.'.- 
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IV. CONCLUSIONS S£; 
:,.%*»?i-^. 

Tb* XPL facility provides ROSIE with a mechanism and framework 
"that the knowledge engineer can use to build expert systems that 
explain thsir operation. XPL gives the user a basic explanation pack- 
age, Le^th« ability to move either backward or forward through the 
inference chain to see how a conclusion was derived, and it provides a 

;> set of "hooks," or software tools, the system builder can use to custom- 
ise the explanation package to the particular needs of the application. 
Thefacility makes especially good use of the windowing capabilities of 
the host computer, in this case a Xerox 1100 series machine. 
/ The selectable paraphrasing technique, in which particular rules and 
procedures are defined by the expert system builder to be explainable, 
appears to solve a problem that is experienced inmany general -purpose 
knowledge engineering languages, the problem of structural complexity: 
With a language that contains not only If-Then rules, but also many 
conventional programming language constructs, such as for-loopa and 
recursive procedure calls, bow can the operation of an.application pro- 
gram be explained? Our solution involves (1) marking and saving a 
historical trace of the rules and procedures deemed important to the 
user, and (2) restricting constructs that cait hs marked- tO:-?,«etiOfiStanr^ 
dard, relatively simple syntactical forms. The main disadvantage of 
this approach is that it may preclude the use of some esoteric but pos- 
sibly more compact syntactic forms available in the language. Thus 
the inclusion of an explanation facility enforces a particular program- 
ming style on the system builder, a limitation that is seldom clearly 
recognized or understood.. 

A number of extensions would benefit XPL, including graphics, 
monitoring, and editing features. The facility needs a sophisticated 
graphics capability for displaying the current state of the computation. 
This could be at led by a floating window that would be able to 
traverse the entire inference tree and display portions of the inference 
chain graphically. Another possibility would be a zoom window that 
could display the entire tree at a very abstract level of detail and then 
focus on specific portions showing more or all of the detail. 

XPL would also be enhanced by automatic "explanation monitor- 
ing,''; that is, a menu of specialized windows that continually answer 
particular questions. Explanation monitoring would make it easy for 
the. system builder to define the window, question, and monitoring 
capabilities. Useful monitoring windows would include a status window 
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tMt' :aniwcra '■ the, question, "What an you, doing now?"; a graphical 
display window that answers the question, "Where are you in the cal- 
eulätion?'*; and an explanation window that answers the question, 
•How did you arrive at that conclusion?"    " 

Finally, XPL could benefit from a special refinement mechanism 
:«hat would allow a user to change a fact or edit a rule displayed during 
an' explanation and then rerun the expert system, with minimum 
obtrusiveness. T^ would require a dependency structure to determine 
what was still relevant after the changes were made, so the computa- 
tionI andi user queries would not have to start over from the beginning. 
Such a mechanism would be extremely useful for refining a fledgling 
knowledge base and for sensitivity analyses of particular applications. 
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